We report a method to cause cell death by remotely heating microparticles by induction heating, this technique could be used to remove vascular deposits and thrombosis. In this preliminary work, we used micrometer size spherical (ferromagnetic) particles and (pure) iron particles to heat remotely macrophages using inductive heating. Iron particles achieved maximum temperatures of 51 ± 0.5 oC after 30 minutes of inductive heating, while spherical particles achieved a maximum temperature of 43.9 ± 0.2 oC (N=6). The therapeutic outcome was determined by monitoring cell re-growth for 2 days following inductive heating treatment. The initial density of cells in the first day prior to induction heating was 105,000 ± 20,820 cells/ml (N=3). 24 hours after induction heating this number was reduced to 6,666 ± 4,410 cells/ml for the spherical particles and 16,666 ± 9,280 cells/ml for the iron particles. The second day the cells grew to 26,667 ± 6,670 cells/ml and 30,000 ± 15,280 cells/ml respectively. Compared to cell cultures with iron and spherical particles that were not subjected to induction heating, we observed a 97% reduction in cell count for the spherical particles and a 91% reduction for the iron particles after the first 24 hours. After 48 hours we observed a 95% reduction in cell growth for both spherical and iron particles. Induction heating of microparticles was highly effective in 
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Abstract 20 We report a method to cause cell death by remotely heating microparticles by induction heating, this 21 technique could be used to remove vascular deposits and thrombosis. In this preliminary work, we used 22 micrometer size spherical (ferromagnetic) particles and (pure) iron particles to heat remotely 23 macrophages using inductive heating. Iron particles achieved maximum temperatures of 51 ± 0.5 o C 24 after 30 minutes of inductive heating, while spherical particles achieved a maximum temperature of 25 43.9 ± 0.2 o C (N=6). The therapeutic outcome was determined by monitoring cell re-growth for 2 days 26 following inductive heating treatment. The initial density of cells in the first day prior to induction 27 heating was 105,000 ± 20,820 cells/ml (N=3). 24 hours after induction heating this number was 28 reduced to 6,666 ± 4,410 cells/ml for the spherical particles and 16,666 ± 9,280 cells/ml for the iron 29 particles. The second day the cells grew to 26,667 ± 6,670 cells/ml and 30,000 ± 15,280 cells/ml 30 respectively. Compared to cell cultures with iron and spherical particles that were not subjected to 31 induction heating, we observed a 97% reduction in cell count for the spherical particles and a 91% 32 reduction for the iron particles after the first 24 hours. After 48 hours we observed a 95% reduction in 33 cell growth for both spherical and iron particles. Induction heating of microparticles was highly 34 effective in reducing the macrophage population and preventing their growth. 
PrePrints

43
Electromagnetic induction heating is the heating of an electrically conducting object (in this 44 case microparticles) by an alternating magnetic field created by a high-frequency alternating current 45 (AC) passing through a coil 1 . Generated Eddy currents on and within the particles lead to Joule 46 heating 1 . Induction heating was first suggested as a mean of therapy 2 in 1957 and it has been proposed 47 for cancer therapy to reduce the size of tumors by specifically targeting tumor cells with nanoparticles, 48 which are then heated to high enough temperatures to cause death of cancerous cells 3-6 . 49 In this manuscript we propose a method for arthrosclerosis and thrombosis treatment that can 50 break up vascular deposits and thrombus using micrometer sized particles heated using induction 51 In this preliminary work we used spherical carboxyl ferromagnetic particles, prepared using 91 chromium dioxide and coated onto uniform polystyrene particles, at a concentration of 0.5% w/v and 92 diameter 28.0-34.9 µm (catalog # CFM-300-5 from Spherotech). We also used pure iron particles < 44 93 µm (powder Fe-110 from Atlantic Equipment Engineers). Induction heating results of the two particle types on cell culture in media are shown in Fig. 2 . 131 The iron microparticles achieved a maximum temperature of 51 ± 0.5 o C after 30 minutes (N=6), while 132 the spherical particles achieved a maximum temperature of 43.9 ± 0.2 o C (N=6). It should be noted 133 that these values represent the temperature of the entire solution. The heating by induction is instant 134 and spatially confined within the short vicinity of particles. Therefore, the effective temperature at the 135 particle may be much higher than the bulk temperature measured by the IR thermometer. 
157 Fig. 3 
(a) Heated spherical particles on cells on day 2 (mag. x 200) (b) Heated iron particles on cells 158 on day 2 (mag. x 200) (c) Control vial on day 2 (mag. x 200). (d) Spherical particles on cells in control 159 vials on day 2 (mag. x 200) (e) Iron particles on cells in control vials on day 2 (mag. x 200). (f) 160 Hemocytometry cell count of cell growth. Results with standard error of mean (N=3).
162 4. Discussion
163
The present study demonstrates that induction heating of two types of microparticles could 164 cause effective damage to macrophage cells, which is a cell line relevant to atherosclerosis. Induction 165 heating has been mostly investigated for cancer therapy. We believe that the same principle should we 166 studied to treating vascular buildups. Current results provide preliminary information about therapeutic 167 parameters, including the effective particle size, type of particles and possible temperature range.
168
The highest temperature achieved by spherical magnetic particles was ~ 43 o C but cell death at 169 this temperature was greater than that achieved by the iron particles, that were heated at higher 170 temperatures (~ 51 o C). It was observed that spherical particles have a better ability to bind to cells than 171 random shaped iron particles. While most of the spherical magnetic particles attached to cellular 172 surface, iron particles were only partially uptaken by macrophage cells. As mentioned before, the 173 heating of metal particles by induction is confined to the narrow vicinity around the particle. The 174 temperature in the local region could be much higher than bulk temperature we measured. The tighter 175 contact of cells with the spherical microparticles may explain the results. Ultimately, we believe that 176 the local temperature should be high enough to cause cell lysis, not just necrosis. This would ensure 177 reduction of the plaque or thrombus, while avoiding creating an embolus. However, there are a lot of 178 questions that still require answers.
179
We observed that cells without microparticles exhibited higher growth compared to the controls 180 that included microparticles but were not subjected to heating. This reduction in cell growth may be 181 due to the activation of the phatocytotic activity of the cells rather than the toxicity of the particles, 182 because the exponential growth pattern was still observed.
183
We chose macrophages as a model cell line that represents the atherosclerotic condition. 
